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Introduction
Scots pine Pinus sylvestris and willow Salix spp. are a typical winter food of moose Alces alces Linnaeus, 1758 in Europe (Dunin and Januśko 1979 , Cederlund et al. 1980 , Hagen 1983 , Kozlo 1983 , and others). Studies carried out in Poland (Morow 1976 ) indicated high moose preferences for pine and willow in winter. However, Dzięciołowski (1974) classified Pinus sylvestris as a food of second choice.
The Biebrza river valley is the main refuge of moose in Poland: about 500-600 animals were counted on 170 000 ha of its surface in 1989-1991 (Gębczyńska and Raczyński 1993) . Pine forests, thickets and plantations appear to be important to moose only in the winter season. In willow-birch shrubs moose often feeds all year round Raczyński 1983, 1989) . Moose browsing on pine and willow has not been estimated in the Biebrza Valley until now. Moose starts to be seriously damaging to forest regeneration, thickets and plantations by browsing shoots, stripping bark and breaking young trees (Szukiel 1984) . On the other hand regular and intensive grazing of willow can probably set back an expansion of willow-birch shrubs in open sedge communities (Pałczyński 1985) . These problems are important in protection of natural swamps and forests, and in management of the moose population in the Biebrza Valley.
The purpose of the present study was (1) to estimate the browse supply for moose in thickets and willow-birch shrubs and (2) to estimate an extent of the biomass removed by moose browsing on pine and willow growth at the richest feeding grounds in the Biebrza Valley.
The Biebrza Valley (at present the Biebrza National Park) is a large area of peatlands preserved in its natural state. It is located in north-eastern Poland (53°21'N, 22°38'E). Studies were carried out in the southern part of the valley (the southern basin). The study area included pine thickets on mineral soils and willow-birch shrubs on peatlands (Fig. 1) (Pałczyński 1984 (Pałczyński , 1985 . Fig. 1 . Geographical location of study area. Solid lines -the Biebrza Valley border (plateau edge); broken lines -the border of the basins: northern (I), middle (II) and southern (III) (after Liwski et al. 1984, modified) ; 1, 2, 3 -thickets; 4 -willow-birch shrubs.
Study area

Material and methods
Studies were carried out in 1989, 1990 and 1992 . Firstly a tree height structure was estimated in 25 unfenced plots (5 x 5 m) in thickets (1, 2 and 3) and 100 unfenced plots (1 x 1 m) in willow-birch shrubs. Pines were divided into five tree height classes (class I: 0.5-0.99 m, class II: 1.0-1.49 m, class III: 1.5-1.99 m, class IV: 2.0-2.49 m, class V: 2.5-3.0 m) and willow into the same four classes (I-IV).
Two methods were used to estimate browse supply in autumn. The harvesting method was used in thicket 1 and the willow-birch shrubs (Dzi^ciolowski 1969, Bobek and Dzi^ciolowski 1972, modified) . The shape and size of plots were changed for 1 x 1 m in willow shrubs and sample pines were taken in the thicket. Twigs were considered to be current growths of trees and shrubs from the previous vegetation season. They were cut from 25 pines and 25 open plots of willow shrubs. Fresh shoots were weighed to 0.1 g, then dried at 65°C for 48 h and reweighed with the same accuracy. Coefficient W (dry matter/fresh matter of sample) was equal 0.38 ± 0.03 for Pinus syluestris and 0.49 ± 0.02 for Salix spp. We used it to calculate the average dry matter of browse per stem (plot). Twig weight-diameter relationships were also found for these two species (Telfer 1969) . The regression equations took the following forms: for pine (diam. 0.5-7 mm): y = 0.78a:
1 22 (r = 0.99) and for willow (diam. 0.5-5 mm): y = 0.13* 1 92 (r = 0.99), where: y -twig weight (g dry wt), x -twig diameter (mm), r -correlation coefficient.
The second method of an estimation of browse supply was the twig count method, used in the thicket 2 and 3 (Shafer 1963, modified) . Twigs were not cut, but they were only counted and diameters of five random current growths were measured on about 100 sample trees. The average biomass of browse per stem was estimated with the use of the twig-weight diameter relationship and the number of twigs. Then it was converted to kg dry wt/ha.
The utilization of winter browse was appraised in two zones (central and marginal) of the thickets in early spring. In the willow-birch shrubs the estimation was made in 1990 and 1992 (willow-birch shrubs 1 and 2). The number of browsed twigs and shoots was counted on stem (plot) and their diameter points at browsing were measured (Shafer 1963) . The browse consumption (g dry wt/stem or plot) was estimated on the basis of the weight-diameter relationship.
The data were not normally distributed (tested by x 2 -test at p = 0.05). Therefore, Kruskal-Wallis one-way analysis by ranks was performed to test the effect of tree height on the browse supply, biomass and number of browsed twigs. Kruskal-Wallis analysis was also used to test the differences in browsed biomass and twigs between the marginal and central zone of thickets.
Results
Browse utilization by moose in the pine thickets and the willow-birch shrubs
The pine thickets of the Biebrza Valley differed from each other according to their browse supply (H = 58.21, p < 0.0001) and browse consumed by moose in the winter period (H = 52.57, p < 0.0001) ( Table 1 ). An intensive feeding was observed in thicket 1 every year: 89% of trees were browsed. This thicket had the smallest food resources probably because of the high utilization (about 50% of the browse supply) and lower biomass production per stem (Table 2 ). In the other two thickets a small percentage of browsed plants was found (10% and 2% in the thickets 2 and 3, respectively). Their browse supply was enormous and their biomass production per stem was the highest (Tables 1 and 2 ).
The utilization of browse resources in the willow-birch shrubs was very high and equal in both the winter periods studied (Kruskal-Wallis test, p > 0.05). This Therefore the data were pooled and given together in Table 1 .
Moose browsing on Scots pine
Moose contacts were observed in the zone 0.5-3.0 m. Diameters at browsing points were contained between 0.5 mm and 7 mm. Moose ate on average 3-18 twigs per stem.
There were significant differences in biomass of browsed twigs per stem in relation to the tree height in each thicket and among thickets in each class (Table  3 ). The increase of eaten twig biomass was positively related to increasing height Table 3 . Average biomass of browsed twigs of Scots pine (g dry wt/stem) and willow (g dry wt/m 2 ) in relation to the tree height classes, p -significance level in Kruskal-Wallis test, ns -not significant difference (p > 0.05).
Stands
Class of tree height of the tree. However, there were no moose bites in the class II (1.0-1.49 m) of :he thicket 3. Browsing intensity (browse consumed/browse available) on pine stems was significantly different (p < 0.0001) in each height class (Fig. 2) . In thicket 1 moase consumed at least 30% of browse supply from each plant and up to 76.3% from pines of class III (1.5-1.99 m). Lower utilization of trees of 1.0-1.49 m height (class II) could depend on their high biomass production (Table 2 ). In thicket 2 the browsing intensity exceeded the mean value for the whole thicket only in classes I and IV. However, in thicket 3 the greatest degree of browse utilization was 3.8% (class V) (Fig. 2) .
Moose removed significantly more biomass (H = 29.13, p < 0.0001) and twigs (H = 26.21, p < 0.0001) from pines growing in the central zone of thicket 1 than from pines growing in the marginal zone. Similar dependence was absent in thickets 2 and 3 (Fig. 3) .
Moose browsing on willow
Willow twigs were browsed from all marked plots in the zone 0.5-2.5 m. Diameter of bites ranged from 0.5 mm to 5 mm. Feeding on birch was recorded only occasionally so the species was disregarded. Significant differences were fotnd in biomass of browsed twigs among tree height classes for willow-birch shrubs 1 (H = 23.41, p < 0.0001) and willow-birch shrubs 2 (H = 10.60, p < 0.05).
n he amount of biomass removed differed significantly between willow-birch shrubs 1 and 2 only in class IV (H = 6.15, p < 0.05) ( Table 3 ). The average brovse consumption per plot increased with the increase in shrub height and brovse production (Tables 2 and 3) .
Browsing intensity on willow was very high (above 70%) and similar in tree height classes I, II and III (no statistically significant differences by Kruskal-Wallis test). In class I (0.5-0.99 m) of willow-birch shrubs 1 the utilization was e v en greater than production (105.5%). It could be a result of browsing not only in ;he last year of growth of shoots but also earlier (Fig. 4) . 
Discussion
Pine thickets are the richest feeding grounds in the southern basin of the Biebrza Valley. As compared to other age stands of forest they provide enormous browse supply which could be consumed by moose (Borkowska and Konopko 1994) . High utilization of browse resources was observed in the poorest of the studied thickets. Pines growing slowly in unproductive habitats were exposed to moose browsing longer during their life-span, than pines growing rapidly in more productive habitats. They generally suffer more from moose browsing than pines in habitats where the possibility for growth is better (Danell et al. 1991) . The thickets studied grew on poor soils (sand dunes) and the moose density was high: 3.1-5.0 individuals/1000 ha in the southern basin of the Biebrza Valley (Gęb-czyńska and Raczyński 1983) . It seems therefore clear that a high degree of pine thicket utilization was a result of a combined effect of high moose density and poor growth of trees due to low productivity of the habitat.
Moose browsed up to 85% of willow production estimated in early spring but this could be a result of feeding during all the previous vegetation period. It seems that the willow-birch shrubs are the main feeding grounds providing deciduous browse in the Biebrza Valley.
In the southern basin of the Biebrza Valley seasonal migrations were observed between the areas rich in summer food (sedge patches) and areas abundant in winter food (thickets and pine plantations) Raczyński 1984, 1989) . Therefore, intensive browsing in one of the studied thickets may also be a result of the location of the thicket among less productive older tree stands, and the moose migration pattern from summer to winter feeding grounds.
The utilization of the same species differs regionally, due to behavioural response to differences in food supply (Sasther and Andersen 1991) . Moose fed in a thicket for a long time due to the lack of other forage (Dunin and Januśko 1979) . We could therefore find significant differences in browse consumption between the marginal and the central zone in the thicket situated among poor tree stands. Moose presumably preferred to feed in the middle of the thicket to be safe from predators. This natural behaviour could not be detected in rich pine habitats because of the small biomass utilization and its random removal. However, we cannot answer the question how behavioural factors (e. g. hiding from enemies, migrations) influence moose foraging behaviour and the optimal foraging model based on time-energy consideration (Belovsky 1981, Owen-Smith and Novellie 1982) .
Browsing intensity on pine and willow depends on the tree height. Dunin and Januśko (1979) found that trees 1.7-3.5 m high were used by moose more often than others. The amount of available biomass and the size of current annual shoots may also explain the variation in twig consumption by moose. A moose removes more from pines with a high standing crop of available twigs than those with a smaller amount, and it prefers trees with large twigs (Danell et al. 1991) . In the studied thickets, pines with a high biomass production were the highest ones (1.5-3.0 m).
Moose browsing can influence plants in different ways. The impact of foraging on trees is closely correlated with the amount of biomass removed (Vivas et al. 1991) , tree species (Danell et al. 1985) and tree morphology (Danell et al. 1991) . The removal of large quantities of biomass by moose browsing in the studied thickets will presumably result in lowering the quality of food and producing slender of twigs in the following seasons. This may also reduce the growth rate of pines.
Plant species which have a few large annual shoots of high quality will be more affected by herbivores than species having the same available biomass but with the smaller shoots of lower digestibility. On the other hand, there was no correlation between browsing intensity and the number of twigs per stem of willow (Wolff and Cowling 1981) . Wolff (1978) suggested that willow shrubs were able to compensate for loss of biomass caused by overwinter browsing by increasing productivity of browse-damage stems. An increase of the number of shoots produced in response to browsing may be an adaptation to reduce the impact of further browsing (Vivas et al. 1991) . Furthermore, lower shrubs of willow browsed from above usually grow laterally. However, browsing on lower and central branches of shrubs stimulate apical growth and shrubs assume tree shape (Faliński 1990 ). At present, we cannot confirm that regular and intensive grazing on willow can set back an expansion of shrubs, as Pałczyński (1985) suggested, even though we found high and similar browsing intensities on willow in both the periods studied. Further studies on this subject seem to be necessary with regard to plant defence systems against herbivores.
